Piscinibacterium candidicorallinum gen. nov., sp. nov., a member of the order Burkholderiales isolated from a fish pond The order Burkholderiales, belonging to the class Betaproteobacteria, is a morphologically, metabolically and ecologically diverse group. Members of this order are strictly aerobic and facultatively anaerobic chemoorganotrophs, obligate and facultative chemolithotrophs, nitrogen-fixing organisms and plant, animal and human pathogens (Garrity et al., 2005) . This order has five identified families based on 16S rRNA gene sequence analysis: Alcaligenaceae, Burkholderiaceae, Comamonadaceae, Oxalobacteraceae and Sutterellaceae (the LPSN website, List of Prokaryotic Names with Standing in Nomenclature; http://www.bacterio.net/burkholderiales.html), which were isolated from various habitats, such as freshwater, mudflow deposits, activated sludge biomass, soil, plant, cystic fibrosis patients, human faeces and ciliate. In addition, several genera such as Aquabacterium, Aquincola, Ideonella, Inhella, Leptothrix, Methylibium, Mitsuaria, Paucibacter, Piscinibacter, Rivibacter, Rubrivivax, Sphaerotilus, Tepidimonas, Thiobacter, Thiomonas and Xylophilus are placed in incertae sedis (of uncertain position) as unclassified Burkholderiales (the LPSN website; http://www.bacterio.net/-classifphyla.html).
During the characterization of micro-organisms from a freshwater sample collected from a fish pond in Sanyi Township, Miaoli County (GPS location: 22 54¢ 40 † N 121 14¢ 13 † E; pH 7.0, 25 C) in Taiwan, a bacterial strain, designated T , was isolated on R2A agar (BD Difco), and subjected to detailed taxonomic analyses. Sub-cultivation was performed on R2A agar at 25 C for 48-72 h. The isolate was preserved at À80 C in R2A broth with 20 % (v/ v) glycerol or by lyophilization.
Genomic DNA was isolated using a bacterial genomic kit (DP02-150, GeneMark Technology) and the 16S rRNA gene sequence was analyzed as described previously by Chen et al. (2001) . Primers fD1 (5¢-AGAGTTTGATCC TGGCTCAG-3¢) and rD1 (5¢-AAGGAGGTGATCCAGCC-3¢) were used for amplification of bacterial 16S rRNA
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of Piscinibacterium candidicorallinum strain T is LT158233.
genes by PCR. These primers correspond to nucleotide positions 8-27 and 1525-1541 of the Escherichia coli 16S rRNA gene, respectively, and can be used for amplifying nearly full-length 16S rRNA gene sequences. The PCR product was purified, and direct sequencing was performed by using sequencing primers fD1, rD1, 520F and 800R (Weisburg et al., 1991; Anzai et al., 1997) with a DNA sequencer (ABI Prism 3730; Applied Biosystems). The sequenced length of the 16S rRNA gene was 1415 bp for T and this gene sequence was compared with those available from the EzTaxon-e (Kim et al., 2012) , the Ribosomal Database Project (Cole et al., 2009) and GenBank databases (http://blast.ncbi.nlm.nih.gov/Blast.cgi.). Analysis of the sequence data was performed by using the software package BioEdit (Hall, 1999) and MEGA 7 (Kumar et al., 2016) , after multiple alignments of the data by CLUSTAL_X (Thompson et al., 1997) . Distances (corrected according to Kimura's two-parameter model; Kimura, 1983) were calculated and clustering was performed with the neighbour-joining method (Saitou & Nei, 1987) . The maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Kluge & Farris, 1969) and minimum-evolution (Rzhetsky & Nei, 1993) trees were generated by using the treeing algorithms contained in the PHYLIP software package (Felsenstein, 1993) . In each case bootstrap values were calculated based on 1000 replications.
The phylogenetic analyses based on 16S rRNA gene sequences showed that T formed a distinct phylogenetic lineage in the order Burkholderiales within the class Betaproteobacteria in the neighbour-joining tree (Fig. 1) . The overall topologies of the maximum-likelihood and maximum-parsimony trees were similar. These findings were confirmed by analysis based on the minimum-evolution algorithm [ Fig. S1 , (available in the online Supplementary Material)]. In all phylogenetic trees, this distinct phylogenetic lineage could not be associated with any known families in the order Burkholderiales. Sequence similarity calculations (over 1400 bp) indicated that LYH-15 T shared less than 94 % sequence similarity to its closest relatives with validly published names. T was closely related to the species of the genera belonging to the unclassified Burkholderiales, such as Leptothrix (92.0-93.3 % sequence similarity), Methylibium (93.3 %), Rhizobacter (92.5-93.3 %), Paucibacter (93.1 %), Aquincola (92.9 %) and Piscinibacter (92.7 %), and the genera Pandoraea (91.7-93.3 %) in the family Burkholderiaceae, Kinneretia (93.1 %) in the family Comamonadaceae, Derxia (92.6-93.0 %) in the family Alcaligenaceae, and Glaciimonas (91.6-92.9 %) and Herbaspirillum (91.9-92.8 %) in the family Oxalobacteraceae.
The morphology of bacterial cells was observed by phasecontrast microscopy (model DM2000; Leica) and transmission electron microscopy (H-7500; Hitachi) ( Fig. 2 ) using cells grown in R2A broth at 30 C for lag, exponential and stationary phases of growth. Cellular motility was tested by the hanging-drop method (Beveridge et al., 2007) . The Gram Stain Set S (BD Difco) kit and the Ryu non-staining KOH method (Powers, 1995) were used for testing the Gram reaction. The presence of a capsule was assessed using the Hiss staining method (Beveridge et al., 2007) . Colony morphology was observed on R2A agar using a stereoscopic microscope (SMZ 800; Nikon). Poly-b-hydroxybutyrate granule accumulation was examined under light microscopy after staining of the cells with Sudan black (Schlegel et al., 1970) and visualized by UV illumination after directly staining growing bacteria on plates containing Nile red (Spiekermann et al., 1999) .
The pH range for growth was determined by measuring the OD 600 of R2A broth. The pH was adjusted prior to sterilization to pH 4-9 (at intervals of 1.0 pH unit) using appropriate biological buffers (Breznak & Costilow, 2007) : citrateNa 2 HPO 4 buffer, pH range 4.0-5.0; phosphate buffer, pH range 6.0-7.0; Tris buffer, pH range 8.0-9.0. Verification of the pH values after autoclaving revealed only minor changes. The temperature range for growth was determined in R2A broth at 4-50 C (4, 10, 15, 20, 25, 30, 35, 37, 40, 45 and 50 C) . To investigate the tolerance to NaCl, R2A broth was prepared according to the formula of the BD Difco medium with NaCl concentration adjusted to 0, 0.5 and 1.0-6.0 %, w/v (at intervals of 1.0 %). Growth under anaerobic condition was determined after incubating LYH-15 T on R2A agar in the Oxoid AnaeroGen system. Growth was tested on nutrient agar, trypticase soy agar, R2A agar and LB agar (all from Difco).
LYH-15
T was examined for a broad range of phenotypic properties. Activities of catalase, oxidase, DNase, urease and lipase (corn oil), hydrolysis of starch, casein, gelatin and Tweens 20, 40, 60 and 80 were determined using standard methods (Tindall et al., 2007) . Chitin hydrolysis activity was determined using chitinase-detection agar plates (CDA plates). Chitin hydrolysis was visualized by the formation of a clear zone around the colonies on CDA plates. CDA plates were prepared as described earlier by Wen et al. (2002) . Hydrolysis of carboxymethylcellulose (CM-cellulose) was tested as the method described by Bowman (2000) using R2A agar as the basal medium. Additional, biochemical tests were performed using API ZYM and API 20NE kits (both from bioM erieux) and carbon source utilization was evaluated using the GN2 microplate (Biolog). All commercial phenotypic tests were performed according to the manufacturers' recommendations.
Sensitivity to antibiotics of LYH-15
T was tested by the disc diffusion method after spreading cell suspensions (0.5 McFarland) on R2A agar. The discs (Oxoid) contained the following antibiotics: ampicillin (10 µg), chloramphenicol (30 µg), gentamicin (10 µg), kanamycin (30 µg), nalidixic acid (30 µg), novobiocin (30 µg), rifampicin (5 µg), penicillin G (10 U), streptomycin (10 µg), sulfamethoxazole (23.75 µg) plus trimethoprim (1.25 µg) and tetracycline (30 µg). The effect of antibiotics on cell growth was assessed after 2 days at 30 C. The diameter of the antibiotic discs was 8 mm. The strain was considered susceptible when the diameter of the inhibition zone was >13 mm, intermediate at 10-12 mm and resistant at <10 mm as described by Nokhal & Schlegel (1983) .
To analyze whole-cell fatty acid composition, LYH-15 T was grown on R2A agar at 30 C for 2 days. Fatty acid methyl esters were prepared and separated according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0), analyzed by GC (model 5890 Series II; HewlettPackard) and identified by using the RTSBA6.00 database of the microbial identification system (Sasser, 1990) . The cellular fatty acids of LYH-15 T were composed of C 12 : 0 , C 16 : 0 , C 18 : 0 , C 18 : 1 !7c, C 10 : 0 3-OH and summed feature 3 (C 16 : 1 !7c and/ or C 16 : 1 !6c) ( Table S1 ). The major cellular fatty acids of LYH-15 T (>10 %) were summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c), C 16 : 0 and C 18 : 1 !7c.
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Herbaspirillum seropedicae T and closely related taxa within the order Burkholderiales. Numbers at nodes are bootstrap percentages >70 % based on the neighbour-joining (above nodes) and maximum-parsimony (below nodes) tree-making algorithms. Filled circles indicate branches of the tree that were also recovered using the maximum-likelihood and maximumparsimony tree-making algorithms. Open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-parsimony algorithm. Bar, 0.01 substitutions per nucleotide position.
Polar lipids were extracted and analyzed by two-dimensional TLC according to the protocol of Embley & Wait (1994) . Molybdophosphoric acid was used for the detection of the total polar lipids, ninhydrin for amino lipids, the Zinzadze reagent for phospholipids, the Dragendorff reagent for choline-containing lipids and the a-naphthol reagent for glycolipids. T exhibited a complex polar lipid profile consisting of phosphatidylethanolamine (PE), phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), two uncharacterized aminophospholipids (APL1 and APL2), four uncharacterized phospholipids (PL1-PL4), an uncharacterized glycolipid (GL) and an uncharacterized aminolipid (AL) (Fig. S2 ).
Polyamines were extracted from LYH-15 T , and analysis was carried out as described by Busse & Auling (1988) and Busse et al. (1997) . Cells were cultivated in R2-PYE medium (l
À1
: 0.75 g peptone from casein, 0.75 g yeast extract, 0.3 g K 2 HPO 4 , 0.024 g MgSO 4 , pH 7.2) at 30 C for 3 days, and homogenized in 0.2 M perchloric acid (HClO 4 ) and centrifuged. Polyamines in the resultant supernatant were analyzed by HPLC on D-7000 high-speed liquid chromatograph (Hitachi). The polyamine pattern of LYH-15 T contained 2-hydroxyputrescine (HPUT, 50.8 %), putrescine (PUT, 48.2 %) and spermidine (SPD, 1.0 %) (Fig. S3) .
Isoprenoid quinones were extracted and purified according to the method of Collins (1994) and were analyzed by HPLC. LYH-15
T had Q-8 as the major respiratory quinone, which is the same as most members of the order Burkholderiales. The DNA G+C content of LYH-15 T , determined by HPLC according to the method of Mesbah et al. (1989) , was 63.8±1.0 mol%.
Detailed results of physiological, biochemical and morphological characterization of LYH-15
T are provided in the genus and species descriptions and Table 1 . Several morphological, physiological and biochemical properties, such as colony pigmentation, cell shape, presence of cell motility, chemotropic and aerobic growth, inability to grow with higher NaCl concentrations (>0.5 %), presence of catalase activity and ability to reduce nitrate to nitrite, distinguish T from all members of the phylogenetically related genera in the order Burkholderiales, such as Leptothrix, Methylibium, Paucibacter, Rhizobacter, Aquincola, Piscinibacter, Pandoraea, Kinneretia, Derxia, Glaciimonas and Herbaspirillum (Table 1 ). More importantly, LYH-15 T could be also differentiated from members of the order Burkholderiales based on chemotaxonomic characteristics, such as the distinctive major fatty acids, major polar lipids and the DNA G+C content (Table 1) . Additionally, the fatty acid profile of LYH-15
T was compared with those of members of the most phylogenetically closely related genera in Table S1 . Summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c) and C 16 : 0 were commonly found as the major components in the type strains of phylogenetically related genera in the order Burkholderiales (Tables 1 and S1 ). However, Pandoraea apista LMG 16407
T had significant amounts of cyclopropane acids such as C 17 : 0 cyclo and C 19 : 0 cyclo !8c, but these two fatty acids were not detected in LYH-15 T . And, Paucibacter toxinivorans 2C20 T and Aquincola tertiaricarbonis L10 T contained C 14 : 0 , C 15 : 0 and C 17 : 0 , but these three fatty acids were not found in LYH-15
T . LYH-15 T had a much higher proportion of fatty acid C 18 : 1 !7c than Piscinibacter aquaticus IMCC1728 It is now generally accepted that 16S rRNA gene sequence similarities between two bacteria of less than 95 % are an indication of affiliation to different genera (Ludwig et al., 1998) . LYH-15 T most probably represents a species of a new genus, since the 16S rRNA gene sequence similarity to its closest relatives with validly published names, Leptothrix discophora SS-1 T , Pandoraea thiooxydans ATSB16 T , Methylibium petroleiphilum PM1
T and Rhizobacter profundi DS48-6-5
T is only 93.3 %. Moreover, LYH-15 T can be readily distinguished from these closest phylogenetic neighbours by chemotaxonomic, physiological and biochemical characteristics. Also, the low levels of 16S rRNA gene sequence similarity between T and all other members of the order Burkholderiales together with differential phenotypic properties ( Table 1 ), indicate that strain T represents a novel species of a new genus within the order , 1980; Xie & Yokota, 2004; Chen et al., 2013) ; 11, Glaciimonas (Zhang et al., 2011; Chung et al., 2013; Frasson et al., 2015) ; 12, Herbaspirillum (Baldani et al., 1986 (Baldani et al., , 1996 Kirchhof et al., 2001; Valverde et al., 2003; Ding & Yokota, 2004; Im et al., 2004; Rothballer et al., 2006; Jung et al., 2007; Dobritsa et al., 2010; Lagier et al., 2012 Displays the following properties in addition to those given in the genus description. Cells grow well on R2A agar and nutrient agar, but not on trypticase soy agar and LB agar. Cells are approximately 0.4-0.5 µm in diameter and 0.8-1.0 µm in length after 48 h of incubation on R2A agar at 30 C. Colonies are light-coral coloured, convex, round and smooth with entire edges. The colony size is approximately 0.5-0.7 mm in diameter on R2A agar after 48 h of incubation at 30 C. Growth occurs at 15-40 C (optimum, 30 C), at pH 5.0-9.0 (optimum, pH 7.0) and with 0-0.5 % NaCl (optimum, 0 %). Poly-b-hydroxybutyrate accumulation is observed. Positive for hydrolysis of starch, casein, CM-cellulose, corn oil and Tweens 20, 40, 60 and 80. Negative for hydrolysis of chitin and DNA. In API 20NE tests, positive reactions for nitrate reduction, aesculin and gelatin hydrolysis and assimilation of maltose, and negative reactions for indole production, glucose fermentation, arginine dihydrolase, urease and b-galactosidase activities, and assimilation of glucose, arabinose, mannose, mannitol, N-acetyl-glucosamine, gluconate, caprate, adipate, malate, citrate and phenylacetate are observed. In the API ZYM kit alkaline phosphatase, C4 esterase, C8 esterase lipase, C14 lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase activities are present and a-galactosidase, b-galactosidase, bglucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are absent. In the and/or C 16 : 1 !6c). PE, phosphatidylethanolamine; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; PME, phosphatidylmethylethanolamine.
GN2 MicroPlate test, a-cyclodextrin, Tweens 40 and 80, Dmannose, pyruvic acid methyl ester, b-hydroxybutyric acid, D,L-lactic acid, L-alaninamide and L-proline are utilized as sole carbon sources, and dextrin, glycogen, a-D-glucose, sucrose, a-hydroxybutyric acid, a-ketobutyric acid, a-ketoglutaric acid and L-glutamic acid are weakly utilized as sole carbon sources. All other substrates in the GN2 microplate are not utilized. Sensitive to penicillin G, ampicillin, chloramphenicol, gentamicin, rifampicin, kanamycin, tetracycline, novobiocin, streptomycin, nalidixic acid and sulfamethoxazole plus trimethoprim. The major fatty acids (>10 %) are summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c), C 16 : 0 and C 18 : 1 !7c. 
